SUMMARY Patterns of ventriculoatrial conduction have been used to distinguish retrograde conduction over an accessory atrioventricular pathway from that over the normal atrioventricular conduction system. Ventriculoatrial conduction at a constant interval during incremental ventricular pacing and during progressive prematurity of ventricular extrastimuli has been considered characteristic of conduction over an accessory pathway. We describe three patients with the Wolff-Parkinson-White syndrome who had progressive or sudden increments in ventriculoatrial conduction over an accessory pathway during fixed-rate ventricular pacing or during introduction of ventricular extrastimuli. Such properties have been considered characteristic of conduction over the normal atrioventricular conduction system. We conclude that retrograde conduction over accessory pathways may resemble conduction over the normal atrioventricular conduction system. PAROXYSMAL SUPRAVENTRICULAR TACHY-CARDIA in the Wolff-Parkinson-White syndrome most frequently results from reentry using the normal atrioventricular (AV) conduction system in the antegrade direction and an accessory AV connection in the retrograde direction.1' 2 Recognizing the participation of the accessory pathway in such tachycardias has become more important since the development of surgical techniques that permit ablation of accessory pathways in selected patients with incapacitating tachycardia poorly controlled by conservative measures.3 During reciprocating tachycardia, distinguishing between retrograde conduction over an accessory pathway and retrograde conduction over the normal AV conducting system is crucial. In addition to other criteria,4 8 patterns of ventriculoatrial conduction are considered helpful in recognizing accessory pathways. A constant ventriculoatrial conduction time during increasingly rapid ventricular stimulation and during progressive prematurity of a ventricular extrastimulus has been considered characteristic of conduction over an accessory pathway.4 9-12 A significant, progressive increment in ventriculoatrial conduction times during such procedures has been considered characteristic of conduction over the normal AV con-
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Methods Patients
Thirty consecutive patients with the WolffParkinson-White syndrome underwent electrophysiologic studies at Duke University Medical Center between February 1978 and November 1978 for evaluation of tachyarrhythmias.
Stimulating and Recording Techniques
The method of study of patients with preexcitation syndromes used in our laboratory has been described in detail elsewhere.3 4 As part of this study, all patients underwent incremental right ventricular pacing to an end point of ventriculoatrial block or until a pacing cycle length of 240 msec was achieved. All patients had multiple refractory period determinations performed from the right ventricular apex.
Biopolar atrial electrograms (50-1 kHz) were recorded from the lateral right atrium and the atrial septum (His bundle electrogram) throughout the course of the study. In addition, unipolar atrial electrograms (0.15-1 kHz) were recorded with a multipolar catheter at four to eight coronary sinus sites 1 cm apart. The most proximal electrode was positioned near the orifice of the coronary sinus. Bipolar derivatives of adjacent electrode pairs were recorded. The right atrial endocardium was mapped during right ventricular pacing (cycle length 350-400 msec) and during reciprocating tachycardia with a semirigid mapping catheter to verify the location of accessory pathways.
Measurement Techniques
Incremental pacing and refractory period data were measured and plotted using an interactive computer 1477 program."6 Retrograde conduction time over the accessory pathway was assessed by measuring ventriculoatrial intervals. These were measured from the onset of earliest recorded ventricular activity to the rapid deflection of the atrial electrogram closest to the accessory pathway.
An increment in ventriculoatrial conduction may be secondary to intraventricular delay, delay in the accessory pathway or intra-atrial delay. Intraventricular conduction delay was assessed by measuring intervals between the right ventricular electrogram (near the pacing electrode) and left ventricular electrograms (measured at the coronary sinus). The right ventricular-to-left ventricular (RV-LV) interval was then plotted as a function of cycle length (for fixedrate pacing) or as a function of coupling interval (for right ventricular refractory period determinations). Intra-atrial delay was assessed by recording from several atrial locations during stimulation studies and measuring intra-atrial conduction intervals. The possible contribution of intra-atrial delay to ventriculoatrial conduction time was minimized by recording from the atrial electrogram closest to the accessory pathway. The antegrade effective refractory period (ERP) of the accessory pathway is the longest A,A2 not conducted with preexcitation at a specified pacing site and drive rate. AjA2 is measured at the atrial electrogram closest to the accessory pathway.
The retrograde ERP of the accessory pathway is the longest V,V2 that does not conduct to the atrium over the accessory pathway at a specified pacing site and drive rate. V,V2 is measured at the ventricular electrogram closest to the accessory pathway.
Ventriculoatrial conduction time is the interval from the earliest recorded ventricular activation to the intrinsic deflection of the atrial electrogram recorded at a specified site. VentriculoatrialAP conduction time refers to this interval measured at the atrial electrogram closest to the accessory pathway.
Results
Three patients had atypical patterns of retrograde conduction. These patterns were: 1) Gradual prolongation of ventriculoatrialAP conduction time during fixed-rate pacing of the right ventricle at progressively shorter cycle lengths.
2) Gradual prolongation of ventriculoatrialAp conduction time in response to increasing prematurity of a ventricular extrastimtlus.
3) Sudden prolongation of ventriculoatrialAP conduction time in response to increasing prematurity of a ventricular extrastimulus ("discontinuous" retrograde curve). 
Comment
The abrupt change in the sequence of retrograde atrial activation at cycle length 300 msec and less (fig. 1) must represent block in the AV conduction system, with atrial activation subsequently occurring exclusively over the accessory pathway. Conduction over the accessory pathway resulted in retrograde atrial activation recorded earliest at the distal coronary sinus, near the site of the pathway. Conduction at cycle lengths longer than 300 msec occurred over both the normal AV conduction system and the accessory pathway (atrial fusion). The morphology of the unipolar atrial electrogram at the distal coronary sinus was unchanged at all pacing cycle lengths, suggesting that this part of the atrium was always activated from the same direction; that is, by the accessory pathway. Looking exclusively at the ventriculoatrial conduction interval measured at the distal coronary sinus (V-DCSA in fig. 1 ), it is evident that the ventriculoatrial conduction interval started to lengthen at cycle lengths shorter than 380 msec. At the same time, the ventriculoatrial conduction interval measured at the atrial deflection at the His bundle electrogram, which is activated via the normal AV conduction system, was relatively constant. This strongly suggests that the atrium activated at the distal coronary sinus was activated via the accessory pathway, at least at cycle lengths shorter than 380 msec. The RV-LV interval (coronary sinus) activations remain constant for cycle length 300 and 250 msec ( fig.  2 ) and for all other cycle lengths, suggesting that intramyocardial delay did not account for the prolongation of the ventriculoatrialAP conduction interval. 20 msec.5 Figure 3A is a retrograde refractory period curve (right ventricular pacing, cycle length 500 msec) for this patient. The sequence of retrograde atrial activation was compatible with conduction over the AV node or a septal accessory pathway (i.e., activation spreading from the septal region). Figure 3B shows the coupling interval, measured at the left ventricular (coronary sinus) electrogram, plotted as a function of coupling interval, measured at the right ventricular electrogram, during refractory period determinations from the right ventricle. The curve followed the line of identity until a cycle length of 240 msec was reached. This suggested that intramyocardial delay from the right ventricular pacing site to the base of the left ventricle did not account for the observed increments in ventriculoatrialAp conduction time. Measurement of a right ventricular basal electrogram near the accessory pathway terminus would have been preferable to a left ventricular basal electrogram in assessing the contribution of intramyocardial delay. However, further evidence for the absence of significant intramyocardial delay was provided by the fact that the QRS duration and morphology (leads 1, 2, 3, V,, V6) of the premature beat was identical to that of the drive beats17 at a time when significant ventriculoatrial delay was observed.
Incremental ventricular pacing resulted in no significant increment in ventriculoatrialAp conduction time to cycle lengths of 293 msec.
The functional properties of this patient's accessory pathway are listed in table 1.
Both the atrial excitation sequence and the gradual increment of ventriculoatrial conduction time shown in figure 3A could suggest exclusive conduction over the normal AV conduction system. However, preexcitation of the atria by an appropriately timed right ventricular extrastimulus during reciprocating tachycardia, at a time when the His bundle was refractory, verified the presence and participation of an accessory pathway in this patient's tachycardia. The atria were depolarized by this extrastimulus in a sequence identical to that observed during right ventricular pacing. Therefore, retrograde conduction during refractory period determinations from the right ventricle must have occurred at least in part over the accessory pathway.
Operative Results
This patient underwent surgery for ablation of his . mal AV conduction system after ablation of the * * £ accessory pathway strongly suggests that the curve in figure 3 represents exclusive conduction over the accessory pathway. Alternatively, it may be argued°0 0°that injury to the AV node at the time of surgery resulted in complete retrograde conduction block over | this structure. We feel that this is unlikely for the following reasons: 1) Intraoperative mapping of the His bundle region insured that the operative dissection did not extend to * the area of the recorded His bundle electrogram or the atrium posterior to this region; 2) antegrade conduction disturbance over the AV node was not observed at * any time during surgery; 3) antegrade conduction and refractoriness determined at the postoperative study were well within normal limits. preexcite the atria by 38 msec with the identical atrial activation sequence observed during reciprocating tachycardia ( fig. 6 ). This verified use of the accessory pathway in the observed tachycardia. Discussion The presence of retrograde conduction over an accessory AV connection during reciprocating tachycardia is indicated by 1) eccentric atrial activation sequence;4' 9, 10, 19, 20 2) preexcitation of the atria during reciprocating tachycardia by a programmed premature ventricular depolarization introduced when the His bundle is refractory without altering the sequence of atrial excitation observed during tachycardia;6 and 3) the observation of lengthening of the ventriculoatrial conduction interval when bundle branch block occurs during reciprocating tachycardia.5 During ventricular pacing at progressively shorter cycle lengths, conduction over accessory pathways has been shown to exhibit little or no increment in ventriculoatrial conduction time. Conduction over the normal AV conduction system usually, but not invariably,4 9 10, 11, 12 shows significant increments in ventriculoatrial conduction time as cycle length decreases. In a selected population of patients with incapacitating tachycardias associated with the WolffParkinson-White syndrome, ventriculoatrial conduction over the normal conducting system was frequently associated with little or no increment in ventriculoatrial conduction time.21 In response to progressive prematurity of a programmed ventricular extrastimulus, ventriculoatrial conduction time over the normal pathway generally shows gradual lengthening, but it remains relatively constant over an accessory pathway.4 9 10,15, 22 24 Discontinuous retrograde refractory curves have been associated with conduction exclusively over the normal AV conduction system.23 They have also been observed in the presence of retrograde conduction over both the normal and an accessory pathway when conduction in one of these suddenly fails.4 9,10, 23
An increase in ventriculoatrial conduction time may reflect: 1) intramyocardial delay between the right ventricle (near the pacing site) and the ventricle at the base of the heart (near the accessory pathway); 2) delayed conduction over the accessory pathway; or 3) delayed conduction between the atrium at the terminus of the accessory pathway and the recorded atrial electrogram.2' I Demonstration of prolonged conduction over the accessory pathway must exclude intramyocardial and/or intra-atrial delay as the source of any observed ventriculoatrial prolongation. Intra-atrial delay in our patients was excluded by measuring the ventriculoatrial interval at the atrial electrogram closest to the accessory pathway.4 Intramyocardial delay was excluded by demonstrating absence of delay between the right ventricular electrogram near the pacing electrode and the ventricular electrogram nearest the accessory pathway.
These conclusions must be made with consideration to the limitations of clinical electrophysiologic techniques. It is clearly not possible to position catheters precisely at the atrial and ventricular termini of the accessory pathway. The measurement of the RV-LV interval is a reasonable, clinically attainable measure of intramyocardial delay. Similarly, the recording of the atrial electrogram at a site as close as possible to the accessory pathway minimizes the contribution of intra-atrial delay. Intra-atrial delay can also be estimated by recording at several atrial sites.
The patients described in this report showed patterns of decremental retrograde conduction over accessory pathways that have previously been considered to be peculiar to conduction over the AV node. These patterns include: 1) Both gradual and sudden increments in ventriculoatrialAP conduction time in response to a programmed ventricular extrastimulus of increasing prematurity; and 2) gradual increment in ventriculoatrialAp conduction time during fixed-rate ventricular pacing at progressively shorter cycle lengths. This decremental behavior of retrograde conduction over accessory pathways was observed in three of 30 consecutive patients with Wolff-Parkinson-White syndrome studied in our laboratory. Patterns of retrograde conduction cannot be used alone to distinguish between conduction over an accessory pathway and that over the normal AV conduction system. This is especially important when distinguishing between reentry confined to the AV node and reentry using a septal accessory pathway, since the sequence of atrial excitation during reciprocating tachycardia may not be helpful in distinguishing them.
The demonstration of these properties raises questions about the anatomic substrate of accessory pathways. These pathways are generally felt to consist of strands of working myocardium joining atria and ventricle.25 29 accessory pathway that was composed in part of cells resembling those of AV junctional specialized tissue. Such structures might have physiologic properties similar to the normal AV node. In two of the three patients described in this report, the accessory pathway was shown to be located in the atrial septal region. This may be fortuitous, but it is possible that the anatomic substrate of accessory pathways in this region differs from that of parietal accessory pathways. We recently described a case of the "6per-manent" form of junctional reciprocating tachycardia in which an accessory ventriculoatrial pathway to the posterior atrial septum was demonstrated.31 This pathway conducted only in the retrograde direction and also had decremental properties. The accessory pathway may have actually been an accessory AV node.
Although the anatomic substrate of these accessory pathways must remain speculative, the clinical implication is clear. Patterns of retrograde conduction with decremental properties can occur over accessory pathways. Such findings can not be used to rule out conduction over an accessory pathway. There is an abrupt prolongation of ventriculoatrial (VA) conduciion at this coupling interval (compare to 5A) without change in sequence ofatrial excitation sequence. A ventricular echo beat is produced, identical to that shown in panel A. This echo beat is also identical to that seen during reciprocating tachycardia in this patient. The VA intervals and atrial activation sequence after this echo beat are also identical to that seen in reciprocating tachycardia.
